Purpose: To highlight the utility of in vivo confocal microscopy (IVCM) in the microstructural characterization of corneal deposits resembling vortex keratopathy in a case of secondary deposition keratopathy due to an evolving monoclonal gammopathy. Observations: A 56-year-old Caucasian woman previously diagnosed with monoclonal gammopathy of undetermined significance (MGUS), exhibited bilateral diffuse sub-epithelial and anterior stromal opacities distributed in a whorl-shaped pattern. IVCM examination permitted analysis of the microstructural features and distribution of the opacities in different corneal layers. Deposits resembling those reported in multiple myeloma rather than MGUS were detected, and the patient's hematologist was subsequently advised to re-evaluate the earlier diagnosis. Two months later, a bone marrow biopsy led to a diagnosis of plasma cell myeloma. Conclusions and importance: It is suggested that cornea verticillata-like paraproteinemic keratopathy (PPK) in MGUS might be predictive of disease evolution to plasma cell myeloma. Characteristic deposits and morphological features revealed by IVCM may be helpful for non-invasive assessment or screening in patients with hematological disorders.
Introduction
The occurrence of corneal opacities in monoclonal gammopathies (MG) is rarely observed and is known as paraproteinemic keratopathy (PPK). 1 The classic corneal involvement consists of bilateral crystal-like deposits in some or all layers of the cornea, often combined with diffuse or patch-like opacities. 2 The presence of diffuse granular and spindle-shaped crystals (both intracellular and extracellular) at the level of the corneal epithelium and stroma (crystalline keratopathy) has been reported in patients with MG [3] [4] [5] and in those with multiple myeloma (MM). [6] [7] [8] While deposits representing a vortex keratopathy (cornea verticillata-like PPK) has been described in four patients with MM [9] [10] [11] [12] and in one patient with MGUS, 13 in none of these prior reports had a confocal microscopy evaluation been performed. Here, we report a case of cornea verticillata-like paraproteinemic keratopathy in a patient with undiagnosed early progression of MGUS, with noteworthy morphologic features revealed by IVCM, particularly in the corneal epithelium and subbasal epithelial layers.
Case history
A 56-year-old Caucasian woman was referred to our eye clinic for suspected corneal dystrophy and a two month history of transient, mild blurry vision in both eyes. She was previously diagnosed with MGUS, a condition defined by the presence of serum M-protein < 3g/dL, clonal plasma cell population in the bone marrow < 10%, and the absence of end-organ damage such as hypercalcemia (serum calcium ≥ 11.5 mg/ dL), renal insufficiency (serum creatinine ≥ 2 mg/dL), anemia (hemoglobin value below the lower limit of normal by more than 2 g/dL or hemoglobin value < 10 g/dL) and lytic bone lesions (CRAB features) that can be attributed to the plasma cell proliferative disorder.
14 Our patient had a IgG kappa monoclonal peak of 22.7 g/L with a free light chain ratio of 59.1 by electrophoresis, and no evidence of bone lesions, anemia, hypercalcemia, or renal insufficiency. Slit-lamp examination revealed bilateral sub-epithelial and anterior stromal whorl-shaped opacities, consisting of fine lines emanating from a central nodal point in a pattern resembling that reported for cornea verticillata (Fig. 1) . In vivo confocal microscopy (IVCM, HRT3 Rostock Cornea Module, Heidelberg Engineering GmbH) was performed to characterize the corneal deposits at the microstructural level and enabled the visualization of deposits in different corneal layers, which changed in appearance according to depth in the epithelium and stroma (Fig. 2) . Specifically, hyperreflective deposits confined to the cell nucleus were observed in the wing cell layers of the epithelium. These deposits were predominantly round or oval-shaped in the upper wing cells, and less dense and more polygonal in shape in the lower wing cell layers. Linear, crystalline deposits were found at the level of the basal epithelium. Nerves in the subbasal nerve plexus exhibited very prominent deposits or beads along the entire nerve fiber length. In the anterior stroma, small reflective para-nuclear deposits were accompanied by more needle-shaped opacities while only smaller reflective opacities within keratocytes were found extending from mid-stroma to the deep pre-Descemet stroma.
Considering the negative family history for ocular diseases and earlier diagnosis of MGUS, the slit lamp and IVCM findings led to a diagnosis of verticillata-like PPK. 1 Due to the relatively recent onset of the symptoms and the more frequently reported presence of deposits observed by IVCM in MM rather than MGUS, 4 , 15 the patient's hematologist was advised to re-evaluate the systemic diagnosis. Immunoglobulin light chain restriction following bone marrow biopsy showed increased mature plasma cell count kappa (25-30% of the whole cellularity) and morphological and immunophenotypic analyses led to a diagnosis of plasma cell myeloma. Since the patient continued to be asymptomatic, without anemia, kidney failure, hypercalcemia or skeletal lesion at low dose total body CT, smouldering multiple myeloma (SMM) IgG kappa was diagnosed. 16 
Discussion
Vortex keratopathy is commonly associated with Fabry disease, pharmacologically-induced corneal deposits (amiodarone, chloroquine, hydroxy chloroquine, indomethacin, chlorpromazine, tamoxifen, meperidine), toxicity of topical medications and ocular surface failure secondary to chemical and thermal burns. 11 In order to diagnose these conditions a full anamnesis is required, including pharmacological and familial history. Fabry disease is a hereditary, X-linked disease caused by a Fig. 1 . Corneal biomicroscopy examination. A, Pigmented hazy subtle deposits at the level of the basal epithelium/anterior stroma forming a faint golden-brown whorl pattern (arrows). B, Slit-lamp detail (arrows). Similar features were observed in both eyes. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) Fig. 2 . In vivo laser scanning confocal microscopy findings. A, hyperreflective deposits, predominantly round or oval-shaped confined to the nucleus, in the upper wing cell layers of the epithelium. B, less dense reflective deposits, more polygonal in shape, confined to the nucleus in lower wing cell layers. C, dense, linear, crystalline deposits with basal epithelial cell borders not visible in the basal epithelium. D, subbasal nerve plexus contains linear crystalline deposits, with subbasal nerves exhibiting very prominent deposits or beads (arrows) along the entire nerve fiber length. E, long, crystalline deposits in the subepithelial stroma. F, reflective para-nuclear deposits within keratocytes of the mid-stroma. G, para-nuclear keratocyte deposits extending to the deep pre-Descemet stroma. H, normal mosaic appearance with no apparent deposits in the endothelium. All images are 400 × 400 μm in size, and were taken from the central cornea. Approximate depth from the corneal surface is indicated on each image.
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deficiency in lysosomal hydrolase a-galactosidase A (a-GalA), with the result being intralysosomal accumulation of glycosphingolipids. The diagnosis is difficult when the family history is negative for Fabry disease, in which case gene mutation analysis should be performed to confirm a clinical diagnosis. 17 Corneal epithelial disturbance in a spiraling pattern has been rarely reported in patients with dysproteinemias such as MM and SMM [9] [10] [11] [12] [13] ; in these patients corneal features more frequently include stromal haze, lattice and crystalline dystrophy, secondary to immunoglobulin deposition in the various corneal layers. 1, 11 SMM is an asymptomatic clonal plasma cell disorder, distinguished from MGUS by a much higher risk of progression to MM. SMM includes patients who behave like those with MGUS (with a very low rate of progression) and those who develop clinical symptoms and end-organ damage within the first 2 years of diagnosis. 16 Therefore, ophthalmologists should consider that even mild corneal alterations could be an important sign of insidious systemic disease.
Paraproteinemic keratopathy in a patient with SMM assessed with IVCM was previously described by Mazzotta et al. 6 as diffuse, bilateral randomly oriented needle-shaped crystals present in the corneal stroma, sparing epithelium and endothelium. Conversely, our patient showed a vortex disposition of opacities upon clinical examination, while IVCM demonstrated an involvement of all layers of the epithelium, atypical prominent beading of sub-basal nerves and affected keratocytes throughout the stroma, with apparent sparing of the endothelium. Biopsy and histological examination of corneal deposits was avoided as this would be unnecessarily invasive and is not standard procedure for paraproteinemic keratopathy. Based on the observations in this case, it is suggested that cornea verticillata-like PPK in MGUS might be predictive of disease evolution; however, further cases would be required to confirm this hypothesis. We agree with the suggestion of Lisch et al. namely to examine every patient with MGUS at the slit lamp to include or exclude a PPK and conversely, to perform serum protein electrophoresis in all cases of unclear bilateral corneal opacification to include or exclude a PPK. 1 Characteristic cellular deposits and morphological features revealed by IVCM examination may additionally be helpful for non-invasive assessment or screening of corneal signs in patients with hematological disorders.
Patient consent
Written consent to publish case details has been obtained from the patient.
